Background: Exposure to childhood adversity has been consistently associated with poor developmental outcomes, but it is unclear whether these associations vary across different forms of adversity. We examined cross-sectional and longitudinal associations between two types of adversity-threat and deprivation-with cognition, emotional processing, and psychopathology in a middle-income country.
Introduction
Childhood adversity involves negative environmental experiences that require considerable adaptation by an average child, including physical, emotional, and sexual abuse, neglect, domestic violence, and parental absence (McLaughlin, 2016) . These experiences are highly prevalent around the world (Costello et al., 2002) and especially in low and middle income countries (Viola et al., 2016) .
Exposure to childhood adversity represents a public health problem due to its extensive costs to the society and individuals (Magruder, McLaughlin and Elmore Borbon, 2017) , leading to poorer mental health (Green et al., 2010; McLaughlin et al., 2012) and academic achievement, such as lower grades, higher school-days absence, and more frequent suspensions (Lansford et al., 2002) . Determining how distinct adverse childhood experiences influence emotional and cognitive development is critical to identify novel strategies for preventing the emergence of psychopathology and developmental problems in children who have experienced adversity.
Previous findings have suggested that different types of adverse experiences might influence development in different ways and, therefore, should be distinguished (Mclaughlin and Sheridan, 2016) .
One prominent model proposes that childhood adversities encompass two types of abnormal inputs (Humphreys and Zeanah, 2014) : threat, the presence of an unexpected input that represents threat to the physical integrity, or well-being of the child; and deprivation, the absence of some type of expected input (McLaughlin, Sheridan and Lambert, 2014; McLaughlin, 2016) . Examples of experiences involving high levels of threat are physical, sexual, and emotional abuse, witnessing domestic violence, and exposure to violence in the community, or at school; while experiences involving low levels of cognitive and social stimulation, such as neglect, institutional rearing, other forms of parental absence, and material deprivation associated with chronic poverty are characterized by high levels of deprivation (McLaughlin, Sheridan and Lambert, 2014; Sheridan and Mclaughlin, 2014; McLaughlin, 2016; McLaughlin et al., 2019) .
A growing number of studies have showed that threat and deprivation influence child development differently. More specifically, children who have experienced violence, and not deprivation, require less perceptual information to identify anger (Pollak et al., 2000; Pollak and Sinha, 2002) , classify a wider range of negative emotion as anger (Pollak and Kistler, 2002) , and exhibit attention biases to threatening social information (Shackman and Pollak, 2014) . On the other hand, exposure to deprived environments has been associated with poor performance on complex cognitive tasks, particularly those encompassing language abilities and executive function (EF) (Mclaughlin, Sheridan and Nelson, 2017; Lawson, Hook and Farah, 2018) . Hence, while threat seems to have strong influences on emotional processing-particularly in relation to cues that are potentially threatening, deprivation seems to be associated with reduced performance on complex tasks reflecting EF (McLaughlin, 2016) . Moreover, as it is of knowledge, the relationship between childhood adversity and psychopathology is already wellestablished. Although the dimensional model does not make differential predictions about how threat and deprivation influence psychopathology, emerging evidence from population-based longitudinal studies, suggests that threat may have stronger associations with psychopathology than deprivation (Platt et al., 2018) .
The previous literature is limited in two important ways. First, most research using this theoretical framework has focused on youth living in high-income countries. However, most of the world's youth live in poor countries and face adversities for which there is limited data available (Viola et al., 2016) .
Second, most existing research investigating the associations between childhood adversity, psychopathology, and cognition is cross-sectional and does not examine how these experiences influence developmental trajectories of emotion, cognition, and psychopathology or address the possibility of bias due to reverse causality.
In this study we examined the longitudinal associations of threat and deprivation with cognition, emotion, and psychopathology in children and adolescents in a large school-based community sample from a middle-income country. Specifically, we aimed to: (1) to investigate the goodness of fit of the threat and deprivation model in a large community sample from Brazil; and (2) to investigate the associations of threat and deprivation with EF, emotional processing as measured by attention orienting toward angry faces, and psychopathology. We hypothesized that a model specifying distinctions among adversities reflecting threat and deprivation would provide a good fit to the data. We also expected that attention bias toward angry faces would be associated with threat, but not with deprivation; that worse EF would be associated with deprivation, but not with threat (McLaughlin, 2016) , and that psychopathology would be associated with both threat and deprivation
Methods and Materials

Study design, procedures and participants
Data for this study is drawn from the baseline and 3-year follow-up waves of the Brazilian High-Risk Cohort for Psychiatry Disorders (BHRCS), a school-based community cohort from the cities of São Paulo and Porto Alegre. Briefly, in the year 2010, 9937 parents of 6-14-years-old children from 57 schools in São Paulo and Porto Alegre were screened using the Family History Survey (FHS; Weissman et al., 2000) . From this sample, two subgroups were recruited for further assessments. One subgroup was randomly selected (n=957), while the other was selected from a high-risk score procedure used to identify children with current symptoms and/or family history of psychiatric disorders (n=1554). A total of 2,511 children/adolescents and their parents were assessed at two time points through questionnaires and interviews about the history of exposure to adversities, and psychopathology. Children/adolescents also completed neurocognitive tests at both time points. The Institutional Review Boards of all institutions involved in the study have given approval for the research protocol, and every participant, parents, or caregivers who participated has given written, or verbal informed consent. For a detailed description of the study, its procedures, and sample see Salum et al., 2014 .
Measures
Exposure to Adversity
Selected variables from the BHRCS were chosen based on theoretical models of adversity. A detailed description of the selected questions and response options is depicted in the Supplemental Table   S1 . All baseline data was drawn considering lifetime exposure, while follow-up data was drawn considering, only, exposure over the last three years from baseline to the follow-up assessment.
Variables selected for measuring exposure to threat were drawn from two parent report sources.
First, exposure to physical and sexual abuse, attack or threat, witnessing domestic violence and witnessing attack, were investigated using the Posttraumatic Stress Disorder (PTSD) assessment of the Development and Well-Being Assessment (DAWBA; Goodman et al., 2000) . Second, questionnaires specifically designed for the BHRCS were used to evaluate exposure to bullying, and the frequency of exposure to psychological, physical and sexual abuse (never, once or twice, from time to time, and often) (Salum et al., 2016) .
Exposure to deprivation experiences was measured through the assessment of the mother's educational level (ranging from without any study to postgraduate education), family income (measured in quintiles), socioeconomic classification (A/B -the wealthiest, C, or D/E -the poorest), father contact (in contact, non-contact, deceased, or unknown), and the frequency (never, once or twice, from time to time, and often) of exposure to neglect (Salum et al., 2016) .
Cognition
Executive Function
Three dimensions of executive function (EF), measured by two tasks each, were calculated in order to create a second order model of EF. The dependent variable was a single EF standardized score encompassed by working memory, inhibitory control, and temporal processing scores after regressing out effects of age and gender on the task parameters. Higher scores represent better EF.
Working memory was measured by the digit span (a subtest of the WISC-III; Wechsler, 2002) and corsi blocks tasks (Vandierendonck et al., 2004) . Both tasks involve the repetition of a given sequence.
While in the digit span task the participants hear and repeat an increasingly difficult sequence of numbers, either forward and backward, in the corsi blocks task they repeat an increasingly difficult spatial sequence tapped by a researcher on up to nine identical blocks. Both outcomes are the level at which a correct repetition failed twice consecutively.
Inhibitory control was measured by the conflict control task (CCT; Hogan et al., 2005) and the go/no-go task (GNG; Bitsakou et al., 2008) . Both consist of an arrow based visual stimuli with a total 100 trials divided into two different instructions. In the conflict control task, participants are asked to press a button indicating the direction or opposite direction of arrows shown on the screen. Participants either press the button indicating the correct direction of a green arrow (75 congruent trials), or press the button indicating the opposite direction of a red arrow (25 incongruent trials). The go/no-go task requires participants to completely suppress the tendency to press the buttons indicating the direction of the green arrows (75 go stimuli trials) when a double-headed green arrow (25 no-go stimuli trials) appears on the screen. For both tasks, intertrial interval was 1,500 ms, and the stimulus duration was 100 ms. The outcomes were the percentage of correct responses in the incongruent trials (CCT) and the percentage of failed inhibitions in the no-go trials (GNG).
Finally, temporal processing was measured by both time anticipation (TA) tasks 400 ms and 2,000 ms (Toplak and Tannock, 2005) on baseline, and only time anticipation 400 ms on the follow-up.
These tasks require participants to anticipate when a visual stimulus will appear. In a game-like manner, the task involves an allied spaceship running out of oxygen and the participant has to give it to them in order to save the crew. In each task, the allied spaceship is visible for the first 10 trials, while for the remaining 16 trials the spaceship is invisible due to an invisible shield. Then, participants are asked to press a button to anticipate when it arrives. A 750-ms window of time to respond correctly and feedback after every trial are given. In task 1, the anticipation interval is 400ms, while in task 2 it is 2,000ms. The outcome is the mean percentage of button pressed in the correct time window interval for the invisible part of the task. Tasks involving temporal delays with flexible cognitive demands have been proposed to be a part of EF in some models (Barkley, 1997) . Temporal processing tasks used have previously been well-correlated with the other EF tasks in our sample (Martel et al., 2016; Manfro et al., 2019) . Results for EF model fit are reported in the Supplemental Material.
Emotional Processing
Attention orienting toward angry faces Attention orienting toward angry faces was assessed using a dot-probe task in Eprime 2.0 (Psychology Software Tools, USA). The task consists of two versions, one longer than the other, of the same identical stimuli presentation, which are paired threatening (angry) and neutral face photographs followed by a probe at the location of one of the two photographs. In both versions, each trial starts with a central fixation cross (for 500ms), followed by the face pair (for 500 or 1250 ms) which is replaced with the probe (for 1100ms). Participants are instructed to press one of the response keys to indicate whether the probe appeared in the left, or right side of the screen. Trials are, randomly, either congruent (16 trials for the short version and 32 for the long version), with threatening faces and probes appearing on the same side of the screen, and incongruent (16 trials for the short version and 32 for the long version), with threatening faces appearing on opposite sides of the screen. The inter-trial interval varies randomly from 750 to 1250ms. Since the neutral and the threatening stimuli are in different screen locations, they compete for attention. Therefore, attention orienting toward angry faces is measured as the difference in reaction time between the task's trials in which the probe replaces a neutral stimulus versus those in which the probe replaces a threatening stimulus. Response times were excluded as errors from trials where the response was incorrect or did not occur before probe offset. Additionally, response times less than 200ms or more than 2 standard deviation above each participant's mean were excluded as outliers, as well as attention bias scores were not calculated if more than 50% response times data were missing. Therefore, the dependent variable was a standardized score of attention orienting toward angry faces after regressing out effects of age and gender on the task parameters. Scores greater than zero represent biases in attention toward threats and lower than zero biases in attention away from threats.
Psychopathology
Psychopathology was measured dimensionally at baseline and follow-up through the Child Behavior Checklist (CBCL; Achenbach and Rescola, 2001; Bordin et al., 2013) . The CBCL is a parentreport questionnaire that assesses the child's emotional, behavioral, and social problems yielding a total score (including all items), as well as an internalizing and externalizing score. A bifactor model with one dimension of general psychopathology (the "p" factor) was fitted to the data with two residualized dimensions of internalizing and externalizing psychopathology. Only general psychopathology scores were used for further analysis. More detail on the model's structure are described in the Supplemental Material.
Data Analysis
First, we conducted factor analyses in order to assess the latent structure of threat and deprivation models of exposure to adversity, as well as the EF and psychopathology models. Missing data was accounted for using full information maximum likelihood estimation. Model goodness of fit was evaluated using root-mean-square error of approximation (RMSEA), comparative fit index (CFI), and Tucker-Lewis index (TLI). According to the literature, a RMSEA equal or below .06, and a CFI and a TLI above .95 indicate good fit (Hu and Bentler, 1999; Kline, 2013) . Second, we used the observed factor scores from the validated models to test the longitudinal associations of threat and deprivation with psychopathology, cognition, and emotional processing through Cross-Lagged Panel Models (CLPM) with baseline and 3-year follow-up assessments. Given that EF was comprised of multiple distinct tasks, we additionally examined associations of threat and deprivation with each of the three components of EF.
Such analysis was chosen to investigate longitudinal associations due to CLPM estimation of the directional influence variables have over time, while controlling for correlations within time-points and autoregressive effects (or stability) across time, which provide a robust strategy for estimating longitudinal associations and minimizing bias due to reverse causality (Kearney, 2018) . Data analysis were performed using the Mplus software for categorical data and the lavaan package from R for continuous data and CLPMs.
Results
Descriptive Statistics
The total sample was comprised of 2,511 children and adolescents with a mean age of 10.42 years old at baseline and 13.71 years old on follow-up. Among those, 1375 (54.8%) were female, and 1256 (50.1%) were from the city of São Paulo. Descriptive data on variables of interest are shown on Table 1 and additional descriptive data is found in the Supplemental Material.
Threat and Deprivation Latent Structure
The model of threat and deprivation as latent variables (Supplemental Figure S1 ) was tested at both the baseline and follow-up assessments. The baseline model, consisting of nine variables informing the threat dimension and five variables informing the deprivation dimension, showed acceptable fit indexes (CFI = 0.942, TLI = 0.928, RMSEA = 0.036). For the follow-up model, frequency of exposure was considered for the three-year time frame between baseline and follow-up assessments. Due to low frequency on both variables assessing sexual abuse exposure over the last three years, these variables were combined. Therefore, the follow-up model consisted of eight variables informing the threat dimension and five variables informing the deprivation dimension, presenting acceptable goodness of fit (CFI = 0.923, TLI = 0.903, RMSEA = 0.037). Detailed information is provided on Table 2 .
Cross-sectional and cross-lagged effects from the Cross-Lagged Panel Models
The analysis investigating effects of threat and deprivation and psychopathology, EF and attention orienting toward angry faces from the CLMP are depicted in Table 3 and summarized below.
Executive Function
Executive function was moderately stable over the course of development (β=0.435, p<0.001).
Cross-sectional analysis showed worse EF performance was more strongly associated with deprivation (β=-0.155, p<0.001) than threat (β=-0.086, p<0.001) at baseline and executive function was only associated with deprivation at follow-up (β=-0.061, p=0.008). Longitudinal analysis showed no significant effects of either threat or deprivation on change in executive function over the three-year follow-up ( Figure 1 -Panel B) .
Post hoc analyses were conducted in order to investigate the impact of adversity on specific dimensions of EF and are shown on Table 4 . All dimensions of EF were stable over the course of three years (WM, β=0.432, p<0.001; IC, β=0.310, p<0.001; TP, β=0.296, p=0.025). Cross-sectional results indicate that threat was associated with worse performance in working memory (β= -0.079, p<0.001) and temporal processing tasks (β= -0.082, p<0.001) at baseline, but not follow up. Also, deprivation was associated with all three dimensions (working memory, inhibitory control and temporal processing) of executive function at baseline (WM, β= -0.146, p<0.001; IC, β= -0.052, p<0.001; TP, β= -0.154, p=0.025), and working memory (β= -0.057, p=0.014) and inhibitory control (β= -0.067, p=0.004) at follow up. Longitudinal results indicate that deprivation, and not threat, at baseline predicted worsening performance on inhibitory control tasks over time (β= -0.086, p<0.001), but no other dimension of EF.
Attention orienting toward angry faces
Biases toward angry faces at follow-up was significantly predicted by baseline levels, even though it was less stable than EF and general psychopathology (β= 0.064, p=0.025). Cross-sectional analysis showed deprivation was associated with bias away from angry faces at follow-up (β= -0.057, p=0.024,), but longitudinal analysis did not reveal any significant associations (Figure 1 -Panel C).
General psychopathology (the "p" factor) General psychopathology was moderately stable over the course of three years (β=0.336, p<0.001). Cross-sectional analysis revealed psychopathology was more strongly associated with threat than with deprivation at both baseline (Threat, β=0.430, p<0.001; Deprivation, β=0.160, p<0.001) and follow-up (Threat, β=0.349, p<0.001; Deprivation, β=0.058, p=0.010). Longitudinal predictions showed that both, threat (β=0.121, p<0.001) and deprivation (β=0.064, p=0.003), predicted increases in general psychopathology three years later (Figure 1 -Panel A) .
Bidirectional effects
Despite not being part of our primary hypothesis, our CLPM detected some bidirectional associations. We found that higher general psychopathology at baseline predicted future exposure to both threat and deprivation. Similarly, worse EF performance at baseline modestly predicted higher levels of exposure to deprivation three years later.
Discussion
This study examined theoretical predictions of a dimensional model of childhood adversity . Specifically, we evaluated the associations of threat and deprivation assessed dimensionally and modeled as latent factors with EF, attention orienting to threat, and psychopathology over time using a large sample in a middle-income country.
In accordance to previous findings, our results also suggest that threat and deprivation have differential associations with cognitive and emotional development, as well as psychopathology, even though not all hypotheses were supported. In particular, threat was more strongly associated with psychopathology than deprivation, and deprivation more strongly associated with EF than threat.
However, threat was not uniquely associated with attention bias towards threat as expected, and instead deprivation was associated with attention bias away from threat. This pattern of findings has theoretical implications for conceptual models of adversity and development, as well as clinical implications regarding potential targets for early interventions aimed at preventing the long-term consequences of adversity for mental health and academic achievement.
There is mounting evidence showing that childhood adversity is associated with high levels of general psychopathology, both cross-sectionally and prospectively (Green et al., 2010; Dunn et al., 2017; McLaughlin et al., 2012) . This link tends to span all forms of psychopathology, including both internalizing and externalizing domains (Salum et al., 2016) -and therefore associations with general expressive indexes of psychopathology (such as the "p" factor) are expected (Miller et al., 2016) , as we confirmed here. Also, in line with some previous evidence and theoretical models (Busso, McLaughlin and Sheridan, 2017) , we showed associations between adversity and psychopathology were revealed for both types of adversity domains. However, the associations of with psychopathology were stronger for threat than deprivation, which might reveal a more prominent role of the threat domain on shared expression of psychopathology, as already noted by direct and indirect effects of threat and deprivation, respectively, on psychopathology (Miller et al., 2016; Platt et al., 2018) .
Although both threat and deprivation were each associated with worse performance on EF tasks at baseline, the associations were stronger for deprivation when compared to threat, and only deprivation predicted changes in EF over the follow-up period. This pattern is consistent with previous cross-sectional studies that observing that experiences characterized by deprivation, and not threat, are related to deficits in EF (Bos, 2009; Beckett et al., 2010; Sheridan et al., 2017; Machlin et al., 2019; Lambert et al., 2017) .
In contrast to our hypotheses, neither threat nor deprivation predicted overall changes in general EF over time. However, post hoc analyses showed that deprivation predicted worsening performance on inhibitory control tasks over time. This suggests that different adversity types may differentially influence the development of specific domains of EF, consistent with prior work suggesting that specific types of adversity exposure might differentially impact specific cognitive abilities (Noble, McCandliss and Farah, 2007; Lambert et al., 2017) , and that cognitive control might be a domain of particular relevance for children who have experienced deprivation. These findings are broadly consistent with theoretical predictions arguing that deprivation may uniquely influence the development of EF in children and adolescents .
Different from what was expected, no associations were found between both dimensions of childhood adversity exposure and attention orienting toward angry faces. Conversely, a slight crosssectional association between deprivation and attention orienting away from angry faces was found at follow-up. Even though previous research has already shown that children and adolescents exposed to different forms of adversity present higher attention bias toward angry faces when compared to those not exposed (Pollak and Tolley-Schell, 2003; Briggs-Gowan et al., 2015; Miller, 2015) , this association might depend on the developmental period of assessment. Attention bias toward threat tend to decrease from childhood through adolescence (Reinholdt-Dunne et al., 2012) , suggesting that with the coming of age the ability to deliberately direct attention away from threat might increase. Supporting that notion and the association between deprivation and attention bias away from threat found at follow up, the association between exposure to adversity and attention bias away from threat among adolescents, and not children, has already been documented (Weissman et al., 2019) . Such results should be interpreted with caution due to the low stability of the attention bias measure in this study, considering that the utility of using the dot-probe has already been called into question due to its low-retest reliability (Chapman, Devue and Grimshaw, 2019) .
Our study has a number of strengths. First, by using a dimensional approach to childhood adversities, we were able to distinguish possible differential impacts of distinct experiences on psychopathology, EF, and attention orienting toward angry faces supporting evidence of the pathways through which adversity impacts child development. Second, our longitudinal design allowed us to explore the associations of threat and deprivation with developmental change in these domains over time, which has rarely been done in existing studies of adversity dimensions. Some limitations also should be noted. First, our study used a school-based sample assessed mainly with parent-reported events. Childreported information would be an important piece of information to be investigated in future studies.
Second, literature suggests that the deprivation dimension is characterized by cognitive stimulation, or an enriched cognitive environment . Our deprivation dimension did not account for any of those specific variables, suggesting that we might not be capturing deprivation as a whole. Third, attention orienting toward angry faces might captures only one relatively constrained domain of emotional processing. Because no other measure of emotional information processing was assessed in this study, we were not able to capture the effects of adversity on other domains of emotional processing argued to be particularly likely to be influenced by threat-related adversity, including emotional reactivity, emotional learning, and emotion regulation (McLaughlin & Lambert, 2017) .
Exposure to adversity, especially during childhood, is a complex phenomena with meaningful and well-established effects on child development. Because adversity can take upon many forms, dimensional models-as the one investigated here-might help to disentangle the specific developmental impacts of different forms of exposure. This knowledge facilitates the identification of the risks conferred to certain individuals when exposed to certain types of adversity, as well as which interventions could be more effective in buffering these negative impacts on development. Bidirectional results suggest that reverse causality cannot be excluded, but they should be interpreted with caution given the lack of a genetically sensitive design. Therefore, further investigations on bidirectional longitudinal relationships among the variables using genetic informed models and on possible moderators and mediators for the relationships found in this paper seem to be a promising direction. Such investigations could generate more information in order to more effectively support healthy and adaptive child development through targeted interventions to high-risk populations. Outcome: either psychopathology, executive function, or attention orienting toward angry faces Adversity: either Threat or Deprivation Note: Threat at baseline did not predict Deprivation at Follow-up (β=-0.036, p=0.115, CI95% -0.080 to 0.009), but deprivation at baseline predicted modestly lower levels of threat at follow-up ((β=-0.053, p=0.008, CI95% -0.093 to -0.014). 
Adversity
Threat and deprivation variables were selected according to documented theoretical models in order to encompass both dimensions of childhood adversity. Selected variables, their label and ranges are described below ( Supplemental Table S1 ), as well as descriptive data for each selected variable ( Supplemental Table S2 ). At baseline, all exposure questions were asked considering the lifetime time range, while at follow-up exposure was assessed and considered positive only if it happened over the past three-year time range.
Confirmatory factor analysis, using the full maximum likelihood to deal with missing data, were conducted using baseline and follow-up data. The threat and deprivation model at baseline was available for 2511 participants, and at follow up 2010 participants (Supplemental Figure S1 ). 
Supplemental
Supplemental Figure S1 -Threat and Deprivation model depiction at baseline and follow-up
Psychopathology
Confirmatory factor analysis, using the diagonally weighted least squares (DWLS) estimator, were conducted using CBCL baseline and follow-up data using a bifactor model in which all items are loaded in a general factor (the "p" factor) and residuals variance is captured by internalizing and externalizing domains as outlined by the CBCL scoring system. The psychopathology model at baseline was available for 2511 participants and showed adequate fit indexes (CFI= 0.984, TLI= 0.983, RMSEA= 0.020). The psychopathology model at follow up was available for 2010 participants and also showed adequate fit indexes (CFI= 0.973, TLI= 0.972, RMSEA= 0.025). Factor loadings for baseline and followup data are found on Supplemental Table S3 . 
Supplemental
Executive Function
Six executive function tasks were used as measures of working memory, inhibitory control and temporal processing. Missing data differs from one task to another over both time points due to assessment being performed over four sessions at baseline.
Executive function was derived from a second order model encompassing working memory inhibitory control and temporal processing at baseline and follow up. Due to the differing variability of the executive function tasks, scores were standardized regressing using General Additive Models regressing out effects of age and gender on the task parameters. At baseline, each executive function dimension was encompassed by two cognitive tasks, and at follow-up, due to the absence of one of the tasks data, the temporal processing dimension was encompassed by one task (Supplemental Figure S2 ).
Confirmatory factor analysis, using the full maximum likelihood to deal with missing data, were conducted using baseline and follow-up data. The executive function model at baseline was available for 2396 participants, and the follow up model for 1880 participants. Fit indexes and factor loadings are shown on Supplemental Table S4 . 
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